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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+c =0,

_ —b++b* —4ac

2a

X

Binomial expansion

n__ n n n—1 n n—-212 n n—ri.r n
(a+b)' =a"+ | a” b+ 5 a”~b +..+| |d"h +..+Db",

r

n] n! n(n=1)..(n-r+)

r

where 7 is a positive integer and = =
ri(n—r)! r!

2. TRIGONOMETRY

Identities
sin> A+cos” A=1
sec’ A=1+tan’ 4
cosec’A =1+cot*> 4

sin(4 £ B) =sin Acos B £ cos Asin B

cos(A=* B) =cos Acos B Fsin Asin B
+

tan( A+ B) = tan A+ tan B
1Ftan Atan B
sin2A4=2sin Acos A
cos2A=cos* A—sin* A=2cos’ A—1=1-2sin* 4
2tan 4

tan24=————
1—tan~ 4

Formulae for AABC
a b c

sin 4 B sin B B sinC
a’> =b*+c¢* —2bccos A

= lbc sin 4
2
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1  Thecurve x’+xy—6)°+9=0 and line y = x+1 intersect at the points R and S.

Find the x-coordinate of the midpoint of RS. [3]

4
2 Integrate —-—

+sin5x — 7 with respect to x. [5]
x~ 1-5x

Turn r
Crescent Girls’ School 2025 Prelim Sec 4 A Math P1 [ u ove
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3 A cuboid has base area (4 +245 ) cm? and a volume of (9 +5V5 ) cm’.
Find, without using a calculator, the height of the cuboid, in cm, giving your

answer in the form %(a +b5 ) , where a and b are integers.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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4 (a)  Express —4x* +12x+2 in the form a(x+b)’ +¢ and state the coordinates of

the turning point of the curve y = —4x* +12x+2. [3]
(b) Hence explain why the turning point is a maximum point. [1]
[Turn over
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3x° +5x-2

S Express ————
(x+D(x"+4)

in partial fractions. [5]

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1



x JR—
6 Itisgiventhat y= for x> gq.
Y Vx+2 1
(a) State the value of g. [1]

. dy
b Find —.
(b) &

[3]
(c) State whether y = _2 is an increasing or decreasing function.
x+
Explain your answer clearly. [2]
[Turn over
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y=acosbx+c

|—>x

The diagram shows the curve y =acosbx+c¢ for 0<x < 377[ radians.

A minimum point (% ,— 2} and a maximum point [STE, 4) are indicated on the
diagram.

(a)  Explainwhy b=4. [2]
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(b)  Explain why c= 1. [2]
(¢)  Hence find the equation of the curve. [2]
[Turn over
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8 (a)  Prove the identity

Crescent Girls’ School

10

=tan—.

1+cosé@ 2
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(b)  Hence solve the equation % =-3 for 0°<H<360°. [4]
sin

, , [Turn over
Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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9 The diagram shows a container, made of a thin sheet of plastic, in the shape of a
hollow cylinder. The length of the container is y cm and each of the semicircular
ends has radius 7 cm. The total external area of the plastic used is 8500 cm?.

(a)  Show that the volume, ¥ ¢cm?, of the container is given by 4250 —%7[7”3 : [3]

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b)  Given that r can vary, find the stationary value of V" and determine its nature. [4]

Crescent Girls” School 2025 Prelim Sec 4 A Math P1 [Turn over
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10  The solution of the equation 3" = 4(3x) can be expressed as

(a)  Find the value of p and of ¢.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b)  Express the solution of log,(3y—1) +% =log,(3y) as arational number. [4]

, , [Turn over
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11(a) Cement is poured into an empty right circular cone mould at a constant rate of
36m cm?/s. The height of the cone is always twice its radius.

(i)  Show that the radius of the cone after 1.5 minutes is approximately
16.94 cm.

[The volume of a cone with radius » and height 4 is émﬁzh N

(ii) Find the rate of change of the radius of the cone after 1.5 minutes.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b) The intensity of light, / candelas, at a certain distance, x metres, from a light

. k .
source is given by the formula [ =—-, where & is a constant.
X

Given that the intensity of light is 12 candelas at a distance of 4 metres from
the source, find the rate at which the intensity of light is changing with
respect to the distance when x = 8. [3]

, , [Turn over
Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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12 The diagram shows two circles intersecting at D and F.
ABC is a tangent to the bigger circle at B and BFH is a tangent to the smaller circle
at F.
ADF, BDE and GFE are straight lines.
It is given that angle BFG = x°.

(a)  Prove that triangle BGF is an isosceles triangle.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b)  Show that CBA is parallel to GFE. [2]
(c) Show that triangle ABD is similar to triangle BEG. [2]
[Turn over
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13 The diagram (not drawn to scale) shows a right-angled triangle POR in which point
Pis (5,4) and point R is (9, 2).
Point S'is (—1.5, 11) and PR is parallel to SQ.
y

A

S(—1.5,]11)

P(5, 4)
R, 2)

(a)  Find the equation of PQ.

(b)  Find the coordinates of Q.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(c) Given that T is a point on QR extended such that QT = 10+/5 units, find the
coordinates of 7. [5]

Crescent Girls” School 2025 Prelim Sec 4 A Math P1 [Turn over
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14  The graph shows part of the curve y = _—31 The point P(—2, 1.5) lies on the

(2x—4)}

curve and the normal to the curve at P meets the x-axis at Q.

P(-2, 1.5)

[
>

—» X

(a)  Find the coordinates of Q.

Crescent Girls’ School
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(b)

23

Find the area of the shaded region bounded by the curve, the normal PQ and
the coordinate axes.
Give your answer correct to 3 decimal places.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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Answer Key

4(a)

6(a)

7(c)
8(b)

9(b)

10(a)

11(ii)

13(a)

14(a)

x=-1—
8

—i+§ln(1—5x)—lc055x—7zx+c
x 5 5

3x*+5x-2 _ 4 +19x+6
(x+DC+4)  5(x+1) 5(x7 +4)

dy 2x+9

g=-2 b)) = ©
d o J(x+2)

y=-3cos4x+1

0=323.1

V=85 100 cm® ; Maximum

2
p=12,9=3 ® =3
0.0627 cm/s (b) —0.75 candelas per metre
y=2x—-6 (b) (6.5,7) ()
Q(—%,Oj (b)  3.190 units?

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax”> +bx+c =0,

_ —b+Ab* —4ac

2a

X

Binomial expansion

n__ n n n—1 n n—-212 n n—ri.r n
(a+b)'=a" + : a” b+ 5 a”" b +..+ a”’b"+..+b",

r

nj n!  nm-1)..(n-r+1)

r

where 7 is a positive integer and = =
ri(n—r)! r!

2. TRIGONOMETRY

Identities
sin® A+cos* A=1
sec’ A=1+tan’ 4
cosec’A =1+cot*> 4

sin(4A* B) =sin Acos B+ cos Asin B
cos(A=* B)=cos Acos B Fsin Asin B
tan 4 +tan B

tan(A+ B)=————
1Ftan Atan B

sin2A4=2sin Acos A
cos2A4=cos’ A—sin* A=2cos’ A—1=1-2sin* 4

tanzA:%
1-tan” 4

Formulae for AABC
a b c

sin 4 B sin B B sinC
a’ =b*+c¢* —2bccos A

= lbcsinA
2
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1 The curve x> +xy—6y>+9=0 and line y =x+1 intersect at the points R and S.
Find the x-coordinate of the midpoint of RS. [3]
Sub y=x+1into x*+xy—-6y>+9=0
X +x(x+1)—6(x+1)>+9=0
X+ +x—-6(x" +2x+1)+9=0
2x* +x-6x" -12x—6+9=0
4x* +11x-3=0
(4x—1)(x+3)=0

X=—orx=-3
4

)
x-coordinate of the midpoint of RS = 4 =—1—.

2 Integrate iz— 3
x 1

s +sinS5x — 7 with respect to x. [5]
—JX

+sinS5x— 7 dx

I 4x7 —

1-5x
4x" 3In(l1-5x) cos5x
-1 -5

—i+§ln(l—5x)—10055x—7rx+c,
x 5 5

TX+cC

c 1s an arbitrary constant

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1 [Turn over
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4

A cuboid has base area (4 +245 ) cm? and a volume of (9 +5v5 ) cm’.
Find, without using a calculator, the height of the cuboid, in cm, giving your

answer in the form %(a +b5 ) , where a and b are integers.

9+5J5 4-245
4+25 4-25

36185 +20/5 =50
16—20

144245

Height

(a)  Express —4x’ +12x+2 in the form a(x+b)’ +c and state the coordinates of

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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the turning point of the curve y = —4x> +12x+2. [3]

—4x* +12x+2 = —4(x2 —3x)+2

3] -]

I
|
N
/N T
|
N | W
N
LS}
_I_
No)
_I_
[\

I
|
N
=
|
I
N—
LS}
+
—_
—_

The turning point is (1%, 1 lj .

(b)  Hence explain why the turning point is a maximum point. [1]

3Y’ 3Y’ 3
For all real values of x, (x—aj >0, —4(x—EJ <0, —4(x—5j +11<11.
Since coefficient of x? is negative,

(1%, 1 lj is @ maximum point.

3x*+5x-2 [Turn over

5 Express m in partial fractions. 15

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1



3x7 +5x-2 A +BW+C
(x+D(x*+4) x+1 x*+4

37 +5x=2=A(X* +4)+ (Bx+c)(x +1)
Subx=-1,3-5-2=54

A=-2
5

Compare constant: —2=44+C

C:—2—4[—i)::9
5) s

Compare coeffof x: 5=B+C

pos0 12
5 5
3x2+5x-2 4 19x+6

(x+ng?+4):_suw4)+5@3+4)

o X
6 Itisgiventhat y=
Nx+2

for x> gq.

(a)  State the value of g.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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q=-2

., dy
b Find —=.
(b) dx

_ 2x-1

NEE
1 1
dy _ 2\x+2 —(Zx—l).E(x+2) 2 (1)

dx x+2

_(2x-1)
2NVx+2 N

x+2
4(x+2)—(2x 1)
2y(x+2)
_ 2x+9
2\(x+2)

2x—-1 . . . . .
(c) State whether y = ) is an increasing or decreasing function.
x+

Explain your answer clearly.

For x> -2

(x+2)" >0, 2/(x+2)" >0 and 2x+9>0

= d—y>0
dx

2x-1 . ) . .
y= 1s an increasing function.
Vx+2

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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y=acosbx+c

5

The diagram shows the curve y =acosbx+c for 0<x < 37” radians.

A minimum point (% ,— 2) and a maximum point (577[, 4) are indicated on the

diagram.
(a) Explain why b=4. 2]
Period = =
2
Period, 2—7[ -z
b 2
b=2r+2=4
2

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1



(b)  Explain why c=1. [2]

vy =c i1s the axis of curve
max1mum + minimum

Lot

4+( 2)

c=1

(c) Hence find the equation of the curve. [2]

By observation, a < 0.

=—(4-1)

OR
a=-[1-(-2)]
OR
g _( maximum — minimumj
- 2
_ _(4—_(—2))
2
=-3

Equation of curve is y =—3cos4x+1.

Turn r
Crescent Girls’ School 2025 Prelim Sec 4 A Math P1 [ u ove
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Crescent Girls’ School

Prove the identity

1+cosé
sin @
=tan—
1+cosé 2
2 singcosg
LHS =

1+(2cos2§—1)

.0 0
sin —cos —
2 2

0
cos’ —

sin —

COS —

2025 Prelim Sec 4 A Math P1

10

tan —.

2
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1
(b)  Hence solve the equation +.COS 0 =-3 for 0° <0 <360°.

sin @

1+cos®& _ 3
sind 0°<0<360°

sin @ 1 OUSQSISO”
2

l+cosd 3

0 1
tan—=——
2 3

Reference angle = 18.435° (to 3 d.p.)

g =180 —18.435°

0=323.1° (to 1 d.p.)

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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9 The diagram shows a container, made of a thin sheet of plastic, in the shape of a
hollow cylinder. The length of the container is y cm and each of the semicircular
ends has radius 7 cm. The total external area of the plastic used is 8500 cm?.

ycm ~

(a)  Show that the volume, ¥ ¢cm?, of the container is given by 4250 —%7[7/'3 :

External surface area, 77> +%(2my) =8500

zr’ + ry = 8500
8500 — 77
y=—"—"""

nr

Volume of the container, V' = %mﬂz y

1 2[8500—7”2}

nr

= 4250}’—%717’3 (shown)

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b)  Given that r can vary, find the stationary value of V" and determine its nature. [4]

V =4250r —%7[1”3

WV _4r50-3 2
dr 2
For stationary value of V, (;—V =0
r

4250 —imz =0
2

imz =4250

2

. 8500 (> 0)

=30.031 cm (to 5 s.f)

d*v
dr?

=3xr

2

When r =30.031, ‘31 Z =-37(30.031)<0
r

When » =30.031, V' is maximum.
Maximum ¥ =4250(30.031) —%;:(30.031)3

=85100cm® (to3s.f)

[Turn over
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14

10  The solution of the equation 3> = 4(3”) can be expressed as

(a)  Find the value of p and of ¢.

32x—1
3
32x—1—x — 4

3x—1:4
(x-1)In3=In4
_in4

In3

_Ing
In3

_ In4+1n3
In3

_ In12
In3

Hencep=12,g=3

x—1

X +1

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b)  Express the solution of log (3y—1)+ % =log,(3y) as arational number. [4]

1
log,,(3y—1)—log,(3y) = _E

log,By-1)

1
~log,(3y) = ——
IOg 42 g4( y) 2

4

log,(3y—1) 1
——10 3 = ——
> g4( ¥) >

log,(3y—1)~2log,(3y) =1

3y—1
10g4 (VJZ—I
3y-1
9y2
9y’ —12y+4=0

=4

(Gy=27=0= y=3

) ) [Turn over
Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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11(a) Cement is poured into an empty right circular cone mould at a constant rate of

36m cm?/s. The height of the cone is always twice its radius.

(i)  Show that the radius of the cone after 1.5 minutes is approximately
16.94 cm.

[The volume of a cone with radius » and height 4 is émﬁzh N

a_ 367 cm?/s

dr

367(90) = %ﬁrz (2r)

r= ,#@ ~ 16.94 cm (shown)

(ii) Find the rate of change of the radius of the cone after 1.5 minutes.

V ==nr*(2r)
3

d—V =271t

dr

When 7= 16.94, ‘Z—V =27(16.94)
r

=1803.0 (to 5 s.f)

v _dr dr
de dr dtf
i_ 367

dr 1803.0

=0.0627 cm/s (to 3 s.f.)

The radius is increasing at a rate of 0.0627 cm/s after 1.5 minutes.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b) The intensity of light, / candelas, at a certain distance, x metres, from a light

. k :
source is given by the formula [ =—-, where k is a constant.
X
Given that the intensity of light is 12 candelas at a distance of 4 metres from
the source, find the rate at which the intensity of light is changing with

respect to the distance when x = 8. [3]

k )
I =—, kis a constant
X

When /=12, x =4,

k =12(4)
=192
1=192x"

dl
—=192(-2)x”
o (=2)x

_ 384
x3

When x = 8, the rate at which the intensity of light is changing with respect to the

distance is —% =—0.75 candelas per metre.

12 The diagram shows two circles intersecting at D and F. [Turn over
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ABC is a tangent to the bigger circle at B and BFH is a tangent to the smaller circle
at F.

ADF, BDE and GFE are straight lines.
It is given that angle BFG = x°.

(a)  Prove that triangle BGF is an isosceles triangle.

/ZBFG = /ZEFH = x° (vert. opp. angles)
ZEFH = ZEDF = x° (Alternate Segment Theorem)
/BDF =180° - ZEDF

= 180" —x” (adj. angles on a straight line)
/BGF =180° — ZBDF

— 180° —(180° —x°)

= x” (angles in opp. segment)
Alternatively,
ZEDF = ZADB = x° (vert. opp. angles)

ZBGF = ZEDF = x° (ext. angle of cyclic quad.)

Since /BFG = ZBGF =x", BG = BF.

Triangle BGF is an isosceles triangle.

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(b)  Show that CBA is parallel to GFE. [2]

ZBGF = ZABF

0

= x” (Alternate Segment Theorem)

/ABF = /BFG =x°

.. CBA is parallel to GFE (Converse of alternate angles)

(c) Show that triangle ABD is similar to triangle BEG. [2]

In AABD and ABEG,

ZABD = ZBEG (alternate angles, CBA // GFE)

ZADB = ZEDF (vert. opp. angles)
= ZBGE (ext. angle of cyclic quad)
= y°
Alternatively,
ZADB =180° — ZBDF (adj. angles on a str. line)
= 180" —(180° — ZBGF') (angles in opp. segment)
= XO

= /ZBGE

Triangle ABD is similar to triangle BEG (AA Similarity Test).

. . [Turn over
Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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13 The diagram (not drawn to scale) shows a right-angled triangle POR in which point
Pis (5,4) and point R is (9, 2).
Point S'is (—1.5, 11) and PR is parallel to SQ.

y
A
S(=1.5,|11)
0
P(5, 4)
R(9.2)
0 ) x
o
(a)  Find the equation of PQ. [2]
Gradient of PR is 4-2 = 1
5-9 2
Gradient of PO =2
Equation of PQ is y—4 =2(x-5)
y=2x—-6 - (1)
(b)  Find the coordinates of Q. [3]

Gradient of SQ is —%

Equation of SQis y—11= —%(x+1.5)

1 41
S 2
y=—gx+ (2)
1 41
1 =(2): 2x—6=——x+—
(1)=(@©2) ¥+
328 is6s
27 4

Sub x=6.5 into (1): y=2(6.5)-6=7
Coordinates of Q are (6.5, 7).

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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(© Given that 7 is a point on OR extended such that QT = 10+/5 units, find the
coordinates of 7. [5]

Gradient of OR is 722 _ -2
6.5-9

Equation of QR is y—2=-2(x—-9)

y=-2x+20

Let the coordinates of T'be (a, —2a +20).
orT = V500 units
(a—6.5)"+(=2a+20-7)> =500
(a=6.5) +(13-2a)* = 500

a’ —13a+$+169—52a+4a2 -500=0

20a* -=260a-1155=0

4a®> —52a-231=0

(2a-33)(2a+7)=0

a=16.5 or a=-3.5 (rejected as a>0)
y-coordinate of 7'is —2(16.5)+20 =—13.
Coordinates of T are (16.5, —13).

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1



22

Alternative method

[Turnn over

93]

T(x, y)

x—6.5

OR =/(6.5-9) +(7-2)’

/125 .
=,|—— units
4

1
25_5\/125_l

OT 2J125 4
=65 _4 x—165
25

7%:4 = y=-13

Therefore, 7(16.5,—13).

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1
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14  The graph shows part of the curve y = _—31 The point P(—2, 1.5) lies on the
(2x—4)
curve and the normal to the curve at P meets the x-axis at Q.

[
>

P(-2, 1.5)

(a)  Find the coordinates of Q.

y= —3(2x - 4)_%

LN [P
- 3( 3}(2x 4)3(2)
2

4

(2x-4)?

Wheny=—2, ¥ 2 1

4
[2(-2)-4] B
Gradient of normal at P = —8§.

Equation of normal at Pis y—1.5=-8(x+2)

29
=—8x—-==
7 2

AtQ,y=0.

O:—8x—2—9 = x:—g
2 16

29
o[-

Crescent Girls’ School 2025 Prelim Sec 4 A Math P1



(b)

24

Find the area of the shaded region bounded by the curve, the normal PQ and
the coordinate axes.
Give your answer correct to 3 decimal places. [5]

Area of shaded region

_ J'02_3(2x_4)‘;dx—%(2—1.8125)(1.5)

r 0
2
_|B@x-4 |9
2 64
~(2)
L 3 2
_ L
| 2imay | -2
4 ., 64

_ _%{(_4)§ _(_g)i}_%

=3.190 units® (to 3 d.p.)

BLANK PAGE
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1. ALGEBRA

Quadratic Equation
For the equation ax”> +bx+c =0,

_ —b+b* —4ac

2a

X

Binomial expansion

n__ n h n-1 h n-272 n n-ryr n
(a+b)'=a" + | a” b+ 5 a" b 4.+ a”'b"+..+b",

r

nj n!  nn-r).(n-r+l)

%

where 7 is a positive integer and = =
ri(n—r)! r!

2. TRIGONOMETRY

Identities
sin> A+cos> A=1
sec’ A=1+tan” 4
cosec’A=1+cot> 4

sin(4 £ B) = sin Acos B+ cos Asin B
cos(A+ B)=cos Acos BFsin Asin B
tan A+ tan B

tan(A+B)=———
lFtan Atan B

sin24 =2sin Acos 4
cos2A=cos’ A—sin* A=2cos’ A—1=1-2sin’* 4

tan2A:2ta—n;4
1—tan” 4

Formulae for AABC
a b c

sind sinB sinC
a’* =b*+c¢* —2bccos A

A= labsinC
2
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1 (a) Show that the equation 3e™ +7¢* =6 has only one solution and find its value
correct to 2 significant figures. [4]
(b)  Factorise (3x + 1)° — 8 completely. [2]
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2 (a)  Show that x — 1 is a factor of 3x> + 8x*— 5x — 6. [1]
(b)  Hence solve the equation 3x> + 8x’>— 5x = 6 completely. [4]
(¢)  Hence solve the equation 3(y —2)* + 8(y —2)*— 5y +4=0. [2]
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3 (a)  Show that di(tan3 2x) = 6sect 2x — 6sec? 2x . [3]
X

v
(b) Hence, find the exact value of .[08 sec* 2x dx. [5]
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4 The diagram shows two chords 4B and CD intersect at X such that angle CXB =90°.

Given that AC =5 ¢cm, BD = 12 cm and angle BDC = 6.
(a) Prove that AB =5cos@+12sin8 . [3]

(b) Express 4B in the form Rcos(6 —a) where R > 0 and a is an acute angle. (4]

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2



(c) Find the maximum length of 4B and the corresponding value of 6.

Hence state the radius of the circle. [3]
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5 (a) Find the range of values of k for which kx? + 8x + k < 6 for all real values of x. [4]

(b) Given the curve y = 8x> + mx + m — 6, where m is a constant, find
(i) the possible values of m for which the x-axis is a tangent to the curve. [3]

(ii) the range of values of m for which the curve has a positive y-intercept.  [1]

(c) Show that the equation 2x?> — cx + ¢? + 6 = 0 has no real roots for all real
values of c. [2]
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6 It is given that (x + %j is a binomial expansion where k and # are positive constants.
X
k 5
(a) Write down the first 4 terms in the expansion (x + —2j in terms of &. [2]
X
(b) Hence, find the value of £ if the term independent of x in the expansion

(c)

(m%j(“izj is 5. 3]
X X

By using the formula for the general term, suggest two possible powers

of n such that (x + izj contains a term independent of x. [3]
X
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7 The equation of a circle with centre C is x> + 1* — 8x — 10y + 16 = 0.

A point B (7, 9) lies on the circumference of the circle. P is the lowest point on the circle.

(a) Find the coordinates of C and the radius of the circle. [3]
(b) Find the equation of the tangent to the circle at B. [3]
(c) Explain why P lies on the x-axis. [1]
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8 A particle moves in a straight line so that 7 seconds after leaving a fixed point O, its

velocity v m/s, is given by v= 16(2¢™> —e™). Find

(a) the time when the particle reaches its greatest distance from O, [3]
(b) the value of the greatest distance from O. [3]
(c) the minimum velocity of the particle. [4]
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9 (a) For the equation py = xy + 1 where p is an unknown constant, may be represented
by a straight line, expressed in the form ¥ = mX + ¢, where X and Y are functions of x

and/or y and m and ¢ are constants. Using the following table, insert in it an expression

for ¥, X, m and c. [2]
Y X m c
py=xy+1
(b) The variables x and y are related by the equation x“y = b, where a and b are constants.

The table below shows some corresponding values of x and y.

1.31 | 1.63 | 1.97 | 2.54 | 4.03
v | 1270 | 398 131 | 35.1 | 2.63

(i) Plot Ig y against 1g x and draw a straight line graph. [3]

(ii) Use your graph to estimate the value of @ and of 5. [4]
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(sin@-cos@)(1+sinfcosf) o

10 (a) ) Show that 5
cos’ &

-1 . (4]

(ii) Hence, for 0 < @ < 2x,find the reflex angle & such that

(sin@-cos@)(1+sinfcosd)=cos’ 6. [3]
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(b) Solve the equation sin3A4cos2A4 =cos34sin24 for 0< A<180". [2]

. . 4 . .
(c) Given that sin x = 3 and tan x > 0, find, without using a calculator, the

value of cos 4x. [2]
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(d) Without using a calculator, show that
tan% = 2-3. [4]
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Answer
la)  —041 b)  (Bx—1)OF+12x+7)
2b)  x=1l,x= —z,x=—3 c) y=3, y= i,y= -1
3 3
2

3b —

) 3
4b) AB =13 cos(6 — 67.4% ¢) Maximum AB=13cm,0=67.4° Radius=6.5cm
Sa)  k<-2 b(i) 8,24 Gi) m>6

10k*> 10k’
+—+
X X

6a)  x° +5ke’+ b) k=%or k=—%(reject) c) n=3r,6&9

7a)  (4,5),5units b) y= -——x+ —

8a) In2 b) 4m c) —-2m/s

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2 [Turn over


https://freetestpaper.com/

18

9a)
Y X m c
py=xy+1 y Xy 1 1
p p
xy=py—1 xy y p -1
9b)i)
lgx | 0.117 | 0.212 | 0.294 | 0.405 | 0.605
lgy | 3.10 | 2.60 | 2.12 1.55 | 0.420
lgy=-algx+lgh
Igy
4
3.5
3 °
25 @
2
1.5 *
1
0.5 b
0
0 0.2 0.4 0.6 0.8
Ig x

b)(ii) a=5.51

10(a)(ii) 4.04 (b)(i) 0°, 180°

Crescent Girls’ School

b =6310 (5012 — 7943)

527

(©) ——¢

625
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1. ALGEBRA

Quadratic Equation
For the equation ax> +bx+c =0,

_ —b++b* —4dac

2a

X

Binomial expansion

n__ _n n n-1 n n-232 n n-ryr n
(a+b)'=a"+ | a” b+ 5 a"b 4.+ a”’b"+..+b",
r

nj_ n!  n(n—r).(n-r+l)

r _r!(n—r)!_ r!

where 7 is a positive integer and (

2. TRIGONOMETRY

Identities
sin® A+cos> 4=1
sec’ A=1+tan’ 4
cosec’A=1+cot’ 4

sin(4A+ B) =sin Acos B £ cos Asin B
cos(Ax B) =cos Acos BFsin Asin B
tan 4+ tan B

tan(A£tB)=———
1Ftan Atan B

sin2A4 = 2sin Acos A
cos2A4=cos’ A—sin* A=2cos* A—1=1-2sin* 4

tan24 =204
I-tan” 4

Formulae for AABC
a b c

sind sinB sinC
a’ =b* +c¢* =2bccos A

A= labsinC
2
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(a) Show that the equation 3e™ +7¢" =6 has only one solution and find its value

correct to 2 significant figures.

37 +7e" =6

Let u=¢"

3uP+Tu—-6=0
Bu-2)(u+3)=0

2
u=— oru=-3

e :é or e¢'=-3 (no solution)

=—-0.41 (to 2 s.f)

(b)  Factorise (3x + 1)° — 8 completely.

(Gx + 1)} - 2°

= [Gx+D)-2][ Gx+1)’ +2(3x+1)+2 |

=Bx—1DOx*+6x+ 1+ 6x+2+4)
=Bx—DOx*+12x+7)

2025 Prelim Sec 4 A Math P2
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2 (a)  Show that x — 1 is a factor of 3x> + 8x*— 5x — 6.

Let f(x) = 3x> + 8x*~ 5x — 6
f(1)=3+8-5-6=0
.. By factor theorem, x — 1 is a factor of f(x)

(b)  Hence solve the equation 3x> + 8x’>— 5x = 6 completely.
fox) = 3x> + 8x*— 5x — 6 = (x — 1)(Ax* + Bx + C)
Comparing coefficients of x> : 4 =3
Comparing coefficients of x* : § =B -3
B=11
Compare constant : C =6
for)y=(x—-1)3x*+11x+6)=0
x—DBx+2)(x+3)=0
2

x=1lx= -——,x=-3
OR 3+ 11x + 6
x—1)3x°+8x*-5x—6
—(3x*=3x%)
11x% — 5x
— (11x* = 11x)
6x— 6
—(6x—06)
0

fo)=(x-1)3x*+11x+6)=0
x-=DBx+2)x+3)=0

x=1,x= ——,x=-3

(c) Hence solve the equation 3(y —2)° + 8(y — 2)*— 5y + 4 =0.

32> +8(3y-2-5(y-2)-6=0

y-2=1, y-2= -3, y-2=-3

4
:3’ = _’ = _1
Yy Yy 3 Y

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2
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3 (a)  Show that di(tan3 2x) = 6sec” 2x — 6sec? 2x.
X

di(tan3 2x) = 6tan’ 2xsec’ 2x
X

= 6sec’ 2x(sec’ 2x—1)

= 6sec’ 2x—6sec’ 2x

T
(b)  Hence, find the exact value of Iog sec* 2x dx.

/4

ff (6sec’ 2x—6sec’ 2x) dx = [tan3 2x]

s
0
_ff 6sec’ 2x dx = [tan3 2x]§ + _ff 6sec’ 2x dx

s

= tan’ Z—tan®0 + g[tan2x]§
4 2 0

=1+ 3(tan%—tan0}

=4

z 2
J"‘sec42x de==
0 3

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2
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4 The diagram shows two chords AB and CD intersect at X such that angle CXB =90°.

Given that AC =5 cm, BD = 12 cm and angle BDC = 6.

(a) Prove that AB =5cos@+12sin8 . [3]
ZCAX =6 (can shown in diagram)
cos = AX sin 8= BX
12
AX= S5cos @ BX=12sin 6
AB=A4AX+BX=5cos 8+ 12sin 0
(b) Express AB in the form R cos(6 — ) , where R > 0 and a is an acute angle. [4]

5cos 8+ 12 sin = Rcos(d —a)=R cos 0 cos a+ R sin 0 sin o

tan oL = 2 R=13

o =67.38°

AB =13 cos(0— 67.4%)

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2



(c) Find the maximum length of 4B and the corresponding value of 8.

Hence state the radius of the circle. [3]

Maximum AB=13cm
0=67.4°
Radius = 6.5 cm
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5 (a) Find the range of values of k for which kx? + 8x + k < 6 for all real values of x. [4]
ko +8x+k—6<0
b*—4ac<0

82 —4k(k—6)<0
64 —4k* +24k <0
K —6k—16>0
(k—8)(k+2)>0
k<-2ork>8
nk<2

(b) Given the curve y = 8x> + mx + m — 6, where m is a constant, find

(i) the possible values of m for which the x-axis is a tangent to the curve. [3]
8t +mx+m—-6=0
b*—4ac=0

m* —4(8)(m—6)=0
m* —32m +192 =0
(m—-8)(m—-24)=0
m=8orm=24

(ii) the range of values of m for which the curve has a positive y-intercept.  [1]

m—6>0
m>6

(c) Show that the equation 2x? — cx + ¢? + 6 = 0 has no real roots for all real
values of c. [2]

b? —dac=c* - 4Q2)(c* + 6)
=—"7c* - 48

Since ¢? > 0 for all real values of ¢, — 7¢> < 0, b*> — 4ac <0
.. the equation has no real roots for all real values of c.
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6 It is given that (x + %j is a binomial expansion where k and # are positive constants.
X
k 5
(a) Write down the first 4 terms in the expansion (x + —2j in terms of . [2]

X

5 2 3

5 5 5
x+i2 =x+ x* iZ)+ x{iz} + xz(iz) +...
X 1 X 2 X 3 X
2 3
= ke 10, 10[: +...
X X

(b) Hence, find the value of & if the term independent of x in the expansion

5
(5x+x%)(x+xi2j is 5. [3]
5 2 3
(5x+%)(x+i2j = (5x+%) [x5+5kx2+10k +10]: +}
X X X X X

constant term = 5

5x10k*+3x5k=5

102 +3k—1=0
(Sk—1)(2k+1)=0

1 1
k=— or k=—— reject
s 5 (reec)
(c) By using the formula for the general term, suggest two possible powers

of n such that (x + izj contains a term independent of x. [3]
X

n| (kY
7:f+l = (}"}x (x_z)
— (nl ern—3r
7

For term independent of x, n =3r.

Since n must be a multiple of 3,
possible values of n are 6 and 9.
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7 The equation of a circle with centre C is x> +)* — 8x — 10y + 16 = 0.
A point B (7, 9) lies on the circumference of the circle. P is the lowest point on the circle.
(a) Find the coordinates of C and the radius of the circle. [3]
¥+ —8x—10y+16=0

(x—4)y -4+ -57-5+16=0
(x—4P2+(—-5)2=25

C4,5) Al radius = 5 units
(b) Find the equation of the tangent to the circle at B. [3]
Gradient of BC= 2=5 _ 4
7-4 3

Gradient of tangent at B = —%

Equation of tangent at B. y — 9 = —%(x -7

3 57
YT g

(c) Explain why P lies on the x-axis. [1]

P is vertically below centre C.
x-coordinate of P = x-coordinate of C =4
y-coordinate of P —radius=5-5=0

.. P(4, 0) lies on the x-axis.
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8 A particle moves in a straight line so that 7 seconds after leaving a fixed point O, its
velocity v m/s, is given by v= 16(2¢> —¢™). Find
(a) the time when the particle reaches its greatest distance from O, [3]
Whenv=0, 2e¢*-¢'=0
e'e’'-1)=0
¢ ~t 1
e'=0 (NA)or e’ = 5
2

t=1In2 or0.693

(b) the value of the greatest distance from O. [3]

s = .|.16(2e’2t —e')dt

= 16(-e* +e")+c
Whent=0,5s=0,c=0
s= 16(-e" +e™)

whenf=1In2,s=4m

(c) the minimum velocity of the particle. [4]

a= 16(-4e™ +e™)
whena=0, —4e* +e' =0
e'(-4e"+1)=0

e'=0 (NA) or 4e'=1

t=In4
Whent=In4,v=-2m/s

9 (a) For the equation py = xy + 1 where p is an unknown constant, may be represented
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by a straight line, expressed in the form Y = mX + ¢, where X and Y are functions of x

and/or y and m and c are constants. Using the following table, insert in it an expression

for ¥ X, m and c. [2]
Y X m c
py=xy+1 y Xy 1 1
— — B1
P P
Y
xy=py—1 OR xy P -1
1 X
py=xy+1 OR — -1 P
y
(b) The variables x and y are related by the equation x“y = b, where a and b are constants.
The table below shows some corresponding values of x and y.
x | 131 | 1.63 | 1.97 | 2.54 | 4.03
y | 1270 | 398 | 131 | 35.1 | 2.63
i) Plot Ig y against Ig x and draw a straight line graph. [3]
lgx | 0.117 | 0.212 | 0.294 | 0.405 | 0.605
lgy | 3.10 2.60 2.12 1.55 | 0.420

algx+lgy=Igb

lgy=—algx+lgh

(ii)  Use your graph to estimate the value of @ and of b.
Gradient= —5.51

a ~ 551 (£0.1)

Y-intercept =1g b =3.8 (£0.1)
b =6310 (5012 —7943)

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2

[4]



13

P4

I'

p 4

P4

\
Th

p 4

y 4

7P

==
H

y 4

P4

p. 4

P
It

p 4

D

%

(=)

II'

Crescent Girls’ School

2025 Prelim Sec 4 A Math P2

[Turn over



14

(sin@-cos@)(1+sinfcosb) .

10 (a) ) Show that :
cos’ @

-1 . (4]

(sin@-cos@)(1+sinfcosb)
cos’ @

From LHS

sin @ +sin’ @ cos @ — cos @ —sin G cos> 6

cos’ 0

sin @+ cos @(1 - cos” @) — cos @ —sin O(1 - sin” &)

cos’ 0

sin @+ cos@—cos’ @—cos@—sinB+sin’ 6

cos’ @

sin® @-cos® @
cos’ 0

= tan’ #-1 (shown)

(ii) Hence, for 0 < @ < 2x,find the reflex angle & such that
(sin@-cos@)(1+sinfcosO)=cos’ 6. [3]

sin@-cos@)(1+sinfcosO)=cos’ 9
( ) )

(sin@—cos@)(1+sinfcosb) _
cos’ @

tan’@-1 =1
tanf = 3/5
6 = tan’l(i/i)

= 404
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(b) Solve the equation sin3A4cos2A4 =cos34sin24 for 0< A<180". [2]
sin3A4cos2A4—-cos3A4sin24=0
sin(34-24)=0
sin4 =0
A= 0°,180°

. . 4 . .
(c) Given that sin x = 3 and tan x > 0, find, without using a calculator, the

value of cos 4x. [2]
cos 4x =1 —2 sin® 2x

=1- 2(2sinxcosx)2

%
I

- )

625

OR
cos2x=1-2sin’*x

cos 4x =2 cos? 2x — 1

2
:2(_1] .
25

527

625

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2 [Turn over
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(d) Without using a calculator, show that
tan % = 2- \/§ . [4]

T T
tan—= tan| ———
12 [3 4}

tan z_ tan z
3 4

T s
1+tan—tan —
3 4

=

& 7
LS
&

.
a
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